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The Seasonal Course of Soluble Nitrogen and Phosphate 
Phosphorus in the Shoot Growth of Winesap 
Apple and Elberta Peach 


By C. S. WALTMAN®* 


Numerous investigators have analyzed woody tissues from 
various parts of apple and peach trees for different nitrogen 
compounds. Very little work has been done, however, on the 
soluble forms of nitrogen, other than nitrate, and on phosphate 
phosphorus, present in green wood tissue and being used in 
normal anabolic processes. The various studies clearly indi- 
cated that the presence of nitrogen is related to fruitfulness and, 
in most eases, definite relationships were shown to exist between 
the insoluble nitrogen content of the parts analyzed and their 
ability to produce fruit. Recent work by Emmert with some 
fruit-producing vegetable plants (1, 2, 3) showed a high corre- 
lation between growth and fruiting, and the soluble nitrogen 
and phosphate phorphorus content of the conducting tissues. 
His findings suggested that similar relationships may exist in 
fruit trees. Accordingly, it seemed desirable to adapt Emmert’s 
procedure to a study of apple and peach trees, in the investiga- 
tion reported herein. 

The trees studied are in the orchard of the Experiment 
Station at Lexington. The method of analysis is an adaptation, 
with some modifications, of Emmert’s procedure (2, 3). It is 
easy and rapid, necessary qualities for this work. The ‘‘soluble 
nitrogen’’ of Emmert’s work and this study is that which is 

* The writer wishes to express his appreciation to Dr. EH. M. Emmert 
for suggestions offered on the methods of chemical analysis, and to Dr. 
As M. (Peter, Prof. A. J. Olney, Prof. N. R. Elliott, and Prof. D. G. Card 


for assistance and suggestions given during the preparation of the 
manuscript. 
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extracted from vegetative tissue by treatment with dilute acetic 
acid; it therefore includes more than that which is in the form 
of nitrate. Inasmuch as Tiedjens and Robbins (5) and others 
have shown that plants may use nitrogen in other forms than 
nitrate, it seems proper, in estimating the active nitrogen in a 
plant, to include all that is in solution. It is suggested that the 
use of dilute acetic acid as the extraction reagent approximates 
fairly closely the makeup of the solution within the cells, tho 
its concentration of hydrogen ions is greater. Acetic acid also 
effects the separation of certain colloidal compounds that would 
be present in a water extract, and thereby prevents the formation 
of off-color tints which would not be comparable with the colori- 
metric standards. 


PLAN OF WORK 


Since determinations of this nature have not been made 
with apples and peaches, it was deemed advisable to trace the 
seasonal course of soluble nitrogen and phosphate phosphorus in 
trees receiving different types of treatment with respect to cul- 
ture and fertilizer applications. Analysis of.the apical part of 
terminal shoots was made at intervals of one week, on both 
apples and peaches, over periods of fifty-four and fifty weeks, 
respectively, so that the growing-season and dormant-season con- 
tent of these nutrients could be determined. The work was 
started on March 22, 1935, and the data given for apples include 
the determinations for April 21, 1936. The data for peaches are 
for the same dates except that the determinations were coneclud- 
ed on March 24, 1936. No determinations were made from July 
3 to August 9, 1935. The trees used were treated as follows: 

Apple. Winsap trees were set in March of 1927 and have 
been grown, since 1929, under four cover-crop treatments, as 
follows: 

Plot 1. Korean lespedeza sod. In order to maintain a good 
stand, the plot was plowed and reseeded in the spring of 1933, 
1935 and 19386. 


Plot 2. Non-leguminous cover of millet followed by barley. 
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Each year, German millet was sown between May 1 and 10, and 
turned under just before heading, July 20 to August 5, after 
which the ground was worked frequently until September 1 to 
10, when barley was sown. This was turned under April 1 to 10 
and the land prepared for sowing millet. 


Plot 3. Permanent bluegrass sod. The stand of grass was 
established in 1930 and has continued good. The grass has been 
cut occasionally in the summer, and left on the ground. 


Plot 4. Sweet clover and soybeans in alternate years. 
Sweet clover was sown April 15 to 20 and turned under either in 
the fall of the same year or the next spring. Soybeans were 
sown about June 1 and turned under in the fall or the next 
spring. 

Peach. The samples for analysis were taken from a block 
of fifty-four ten-year-old Elberta trees. These trees were treat- 
ed with different forms of nitrogen fertilizer, as shown by the 
following statement : 

Nitrogen fertilizer treatment of the peach trees: 


Row 1. Ammonium sulfate, 4 lbs. per tree, March 20. 


Row 2. Buffer. 
Row 3. Sodium nitrate, 4 lbs. per tree, applied 2 lbs. March 20, 
and 2 lbs. June 1. 


Row 4. Buffer. 

Row 5. No nitrogen. 

Row 6. Buffer. 

Row 7. Sodium nitrate, 4 lbs. per tree, June 1. 
Row 8. Buffer. 

Row 9. Cyanamid, 2 lbs. per tree, March 9. 


Each row is six trees of fairly uniform size. They carried 
no erop during the summer, as the fruits were killed by frost 
on April 16, 1936. The application to Row 7 was made on June 
1 for the purpose of increasing vegetative growth without in- 
fluencing the setting of fruit. The buffer rows received no 
nitrogen and were not used for sampling. The samples for the 
no-nitrogen control were taken from trees in Row 5. The entire 
orchard had a cover of barley which was turned under in early 
April. 

Soil. The peaches and apples are growing on adjacent 
areas which are separated only by a roadway. The soil is a 
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fairly heavy clay of the Maury silt loam type and is rich in 
phosphorus. When the peach trees were three years old, part 
of them which were set as fillers, were removed so that the root 
penetration and distribution could be studied. The surface soil 
is well supplied with humus and is fairly retentive of moisture. 
At a depth of two and a half to three feet a very impervious 
hard-pan was found and practically all the peach roots were 
above this stratum. Only a very few roots had penetrated this 
hard-pan formation. The soil rests upon limestone at a depth 
of five to six feet. The apple trees are on an area which is slight- 
ly lower in elevation than the peach block and seem less affected 
by drouthy conditions. 


PROCEDURE FOR THE DETERMINATIONS 


Sampling. Investigational work with fruit trees has shown 
that the length of annual shoot growth gives a good indication 
of the ability of trees to fruit satisfactorily. For this reason, it 
was decided to analyze the shoot growth for soluble nitrogen 
and phosphate phosphorus. Numerous tests were made to de- 
termine from what position on a tree the shoots for analysis 
should be taken, and what part of a shoot should be used. These 
trials resulted in the use of shoot growth arising from the ter- 
minal bud of a main branch, rather than from a small lateral 
branch. During the winter and in the spring before growth 


started, a section from the terminal portion of the past season’s 
growth just back of the terminal bud, was used. New growth 


was selected as soon as the shoots were large enough to give an 
adequate sample for the determinations. Shoots of nearly the 
Same size were chosen and duplicate samples were selected from 
trees receiving uniform treatment. The leaves were removed 
immediately and the shoots wrapped in a damp cloth to be 
brought to the laboratory for weighing. 


Shoots chosen at random from a tree would be expected to 
differ in their percentages of soluble nitrogen and phosphate 
phosphorus even tho extreme care was taken in their selection. 
The question arises, whether the variation between the duplicate 
samples from the same tree was great enough to be significant. 


Yas eye 
; 
er alae 
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The following tables, covering a period of approximately a year, 
give the results from duplicate samples of Winesap shoots ana- 
lyzed at weekly intervals. The analyses were divided into three 
groups according to season. The t value for testing significant 
difference between the means of duplicate samples for each group 
was calculated according to Fisher and the values which t must 
have to indicate significant difference are placed below the cal- 
culated value of t. These values were taken from the probability 
integral (or t) tables by Fisher. The smaller one indicates a 
probability of 95 in 100; the larger, 99 in 100. Differences cal- 
culated from random samples of these sizes are likely to give 
values of t less than the smaller number 95 times in 100, and 
less than the larger number 99 times in 100. The t values for 
the groups were in no case great enough to indicate a significant 
difference between the means of duplicate samples. Soluble 
nitrogen usually varied more between samples taken at the same 
time than did phosphate phosphorus. This is shown by the 
somewhat larger t values for soluble nitrogen and by the graphs 
on the following pages in which the fluctuations are greater in 
the percentage of nitrogen than in that of phosphorus. 
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Soluble Nitrogen in duplicate samples from the same winesap apple 


trees, in parts per million of fresh tissue. 1935-36. 
Date [Piet 22| > Pict 2 

1935 | | 
March 22 460 536 518 536 485 507 
March 29 417 667 476 556 476 500 
April 5 436 455 490 510 333 355 
April 12 318 362 435 510. 139 181 
April 18 249 329 436 481 65 1D 
April 26 260 260 347 520 156 174 
Wiki Stee. 332 347 438 543 159 189 
May 10 318 | 346 402 422 115 149 
May 18 298 321 332 411 81 129 
May 24 159 208 360 434 45 Lie 
May 31 186 208 428 | 462 68 UL 
June 226 238 260 313 82 106 
June 14 325 857 169 211 103 114 
June 20 340 368 192 240 88 89 
June 26 336 410 169 199 126 136 
vinlyo3s 220 260 214 235 80 156 
Average es ee 354. | 411.) 1632 (> 1882) eae : 
t value 13h 52 63 
Significant | 2.042, 2.15 | 2.042, 2.7 | 2.082, 2.70 | EDS eae PEE een, aaa 2: wt = 15 2.042, 2.75 2.042, 2.75 
AAT EAUTS Bs 0 ee tases cas eects 156 156 313 ai "AUS USES D oicccneeacanea1b6, 1 156 - | k1S OTe joa ee 
August 15 185 192 294 364 177 215 
August 23 156 159 177 233 156 182 
August 29 176 206 180 220 177 200 
September 5 128 155 211 288 162 197 
September 198 211 211 239 83 156 
September 136 143 192 235 96 122 
September 200 267 105 157 136 140 
October 2 113 137 117 220 154 157 
October 9 154 177 143 175 100 118 
October 16 .... 182 140 180 200 96 106 
October 23 15OS SI GOs eee 27 182 143 148 
OCtORErE 290te cea eas 138 140 200 206 104 121 
INO Vie TUDE tie 0 errcerce cee eee ccs 72 11 114 136 111 122 
NOVO DE Te lo getters ere: ale 225 289 165 190 146 153 
INOVEmMIbere 205 0 sister 165 215 132 179 145 146 
IN'OVCTDEIrenat Wits t ae ies. 132 136 106 125 153 163 
DECENIDOT sS Sees eg ee Ot, Oe eae Baja 108 108 113 78 a 
Average ..... Ee Ane Ss SS SU ene ae 173. | 171. | 213. | 129. | 148. | 211. | 239. ae oo 171, |. 213.-]- 129; | 148s eerie 
CRySlUuGMe oA. ee aed ed | ale me 
Significant ........ elapse e - 729 Significant | 2.082, 2.729 | 2.082, 2.729 | 2.082, 2.729 | 2.032, 2.729 2. 032° a 729 | 2.032, 2.729 
HD GCE IN DE TA1d) scene mate wee 83 84 142 157 December 1 ac inacaun | BF | 84) 14) 16T  BT 106 ee eee 
IECEMHer 18) Lek aes 62 64 81 89 72 16 
DICCEM DELS 20 eee es BL 52 50 52 56 57 

1936 
January 2 49 5L 49 56 3 38 
January 8 17 103 115 136 104 130 
vanUatyarloee 88 132 83 115 82 90 
January 22. 98 120 104 114 81 86 
January 29 .... 19 79 93 120 85 88 
February 5 81 91 81 93 87 97 
February 78 99 89 112 81 87 
February 79 84 85 90 uit 81 
February 15 87 86 109 70 83 
March 3 74 76 100 120 74 15 
March 10 89 105 95 118 107 109 
March 17 126 146 226 246 137 197 
March 24 129 1389 216 244 142 143 
March 31 231 238 242 297 BL cee] 281 | 288 | 242 | 297 | 159 | 207 | 248 | 280 _ 207 
Average Sie 6 eae ee ee 103. | 114. . a [Ee Sosa 0s: 
to Value  Spigneadae.tabin dvi] OOS ed eee Ree ee 0 eee er | 1.07 | 1.06 
Significant lowes 037, = 740 | 2. 037, a 740 | 2. 037 2.740 | 2.037, 2.740 


Plot 3 | Plot 4 


667 | 667 
625 | 833 
521 | 538 
350 | 362 
311 | 416 
391 | 391 
338 | 391 
305 | 313 
252 | 321 
98 | 100 
112°) 017 
274 | 279 
215 | 241 
333 | 370 
227 | 248 
195 | 249 
| | 365 
2.042, 2.75 
260. | 267 
235 | 345 
291 | 309 
220 | 266 
297 | 326 
231 | 273 
216 | 246 
227 | 230 
m4 | 214 
155 | 167 
190 | 260 
187 | 198 
175 | 187 
206 | 242 
303 | 308 
167 | 220 
153 | 159 
79 82 
eee a 
ne oe bee see 
| 2.082, 2. 729 
74 | 134 
74 81 
68 68 
69 79 
so | 168 
82 86 
99 | 119 
14 93 
118 | 123 
101 | 104 
102 | 106 
82 95 
17 83 
110 | 124 
163 | 185 
201 | 244 
248 | 280 
AVOLABC Sonne inennnieone| SLL | 108. | M4. | 138. | 5 89.01 5103-5] eee eee 


Seasonal Course of N and P in Fruit-tree Shoots 165 


Phosphate Phosphorus in duplicate samples from the same winesap apple 
trees, in trees, In parts per million of fresh tissue. 1935-36, 0000 per million of fresh tissue. 1935-36. 


Berio ef Spi il ies | plots | © Plot dae Meeete is sf, Plot e2|* pict’? || Pioe 3” | “Plone 

1035 > | Rees ae em eee 
SWLGH EVRY RA Vi oe a a Sele eae 178 229 287 309 300 322 188 213 
March 29 cx|) BD) 320 267 320 291 320 291 320 
April 5 246 328 278 282 244 278 200 241 
April 12 130 147 167 227 101 131 108 131 
April 18 99 103 103 114 34 34 90 110 
April 26 61 95 18 95 51 67 BL 67 
NE iy. css. 109 122 102 122 68 68 62 70 
May 10 122 132 111 147 60 64 49 59 
May 18 138 148 80 84 55 62 73 80 
May 24 89 189 69 111 61 77 56 106 
May 31 84 120 65 88 81 83 15 1 
June 7 100 103 95 97 113 121 89 103 
June 14 69 99 74 76 95 95 86 101 
June 20 139 143 93 109 104 111 127, 133 
June 26 116 143 97 137 98 111 139 172 
Re Crees cen oe eee) tod} 18S IG 186 fe 4 | 108 | 148 4a 3 122 132 118 136 84 108 143 143 
Average 133. 208 ges ea ee ee ee eS a ee a ae au [dda] 284 uae zest 
oo ose: 2 ee Re Ce ae Ue ney > ne ne (nee 
Significant ...------|_ 2-042, 2.750 | 2.042, 2.750 | 2.042, 2.750 | 2.042, 2.750_ Dr 043; > 750 | 2. 042, > 750 | 2.042, 2.750) 2. 042, Os 750 
August 9 120 169 196 208 182 222 oveust 5! Sk.) 120: | 1600] 1961 2080). 182-). 222. |] 159- | 167" 
August 15 .... 161 167 204 213 200 208 164 169 
August 23 149. 160 156 161 222 233 167 179 
August 29 103 133 147 161 222 250 167 200 
September 130 130 111 154 182 200 147 182 
September 101 103 98 119 167 167 145 167 
September 70 119 1389 143 200 213 145 159 
September 92 116 110 112 167 238 133 156 
October 2 103 112 99 125 143 175 83 135 
October 9 88 93 96 96 133 161 109 112 
October 16 141 154 95 123 105 115 147 154 
October 23 121 179 125 137 154 200 102 143 
October 29 80 89 81 85 154 175 76 
November ila lp bis 93 115 156 164 96 110 
November 15 79 19 105 135 147 89 94 
November 110 116 83 99 145 167 80 95 
November 90 91 68 85 167 182 ii 139 
December 97 98 103 104 164 179 100 104 
Je ag en ee Nl ud Eee ene ee | 108s 123-9) 116.» | 190. f. 167 1480, Pisa Ie 
t value ..... zy 6i5 sl 1.15 Here 115 oe Claes SOC bee aad Toes 
Significant Significant | 2-082, 2.729 | 2.032, 2.729 | 2.032, 2.729 | 2.082, 2.729 2. 033, 2.729 | 2.032, 2.729 | 2.032, 2.729 | 2.032, 2.729 
Deeraber Wt 8 cn ectce Peerabier iat. oie (00 | 100 | 92, 108 | 149 16k: |e ON [oT 
December 18 ...... ee 95 104 74 v6) 152 164 79. 80 
ea 26 62 63 88 91 133 161 68 93 

193 
OED WN UWBI PNAS ek cal er Op 68 78 74, 75 122 133 Wal v6) 
VAMUALY SP ic.2- oh 76 81 67 74 105 116 63 81 
Jamwany oy s 3 ae 65 70 61 65 100 108 65 Ge 
ENOUGH Oy. i ae ee a a! 65 67 63 67 104 115 68 uD 
Jeary: «20 e coh, AY 56 83 83 65) 81 52 53 
LENGH SAN ES ONC 5 5 aeons Oe el a ae 52 53 50 55 56 64 56 65 
TENE OW Ec Wegner ee Sn ee 106 109 51 59 76 102 57 61 
February 19 .... valle 93 51 60 83 95 83 83 
February 25 69 TAY 60 val 65 76 84 91 
Warch (3. s. 62 63 66 68 87 118 68 72 
DV RebreC lige Qt es re oS 91 99 108 115 114 127 100 115 
IPM HT ACG yy he acer aie ieee ds ee 92 102 99 101 147 154 95 99 
IBY Rel ny EAR nae Pel ane ee 111 128 128 141 143 154 123 125 
VED CiggSLay ter eee a te 110 122 128 135 169 185 112 143 
BARWON Git ents a aan. ILO ree OO aa Oe lee OO all allel oe | Mie 2s Ce ee, 8 
ib. \WHNAG os 2a eee a ee een 


sob . 64 80 1.14 
SL eM CAM atest te aden. 2.087, 2.740 | 2.037, 2.740 | 2.037, 2.740 | 2.087, 2.740 
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The question of whether trees within a plot, all of which had 
received the same treatment, would differ considerably in soluble 
nitrogen and phosphate phosphorus was considered, Two sets 
of determinations were made within a short time of each other 
so that the data could be averaged. Duplicate samples were 
taken from each tree in each plot. The results are recorded in 
the following table: 

Soluble nitrogen and phosphate phosphorus in individual apple 


trees, as parts per million of fresh tissue. Each number is the aver- 
age of 4 determinations. 


Range, as per- 
Tree1| Tree 2| Tree 3} Tree 4} cent of the 


average 
| 
Soluble nitrogen | 
Ota lie aero see = re: 320 348 343 304 13.4 
PL Ove eae ee ee 438 433 416 375 15.2 
1EdIONe Ge © atone eee ieee 168 158 150 128 26.5 
A 2d Koy pe: Cae Sale ene Oh 315 307 328 347 12.3 
Phosphate phosphorus 
1 edlloy tied oom eter ee et Ae 218 249 175 165 41.6° 
IRIGtE2 eater he ea 198 Ole te 2 02 202 8.3 
LOGE oie acre Sree tte 259 246 240 261 8.3 
POs eee ee 173 200 214 199 | 20.9 


Distribution of Nitrogen and Phosphate. Shoot growth 
arising from lateral buds of peaches showed a smaller percentage 
of soluble nitrogen and phosphate phosphorus than was found 
in shoots from terminal buds. As shoot growth in the season 
continued to elongate and enlarge, the apical part, excluding 
the terminal bud, was used. In older wood and with the larger 
portions of the basal part of shoots, the greater quantity of more 
mature tissue resulted in a smaller percentage of soluble nitrogen 
and phosphate phosphorus being found. The portion which 
gives the higher analysis was considered to be more accurate for 
determining the quantities of these materials that were available 
for anabolic processes. The percentage of nitrogen was more 
variable than that of phosphorus, in wood of any age, and the 
phosphorus content of the wood varied less than the nitrogen 
content, from the tip to the basal portion of the current season’s 


r wae slat a iA Bh 
PPro ee ee ee. 


Bi heck ttn wiiystipi tay hei 8 ool 
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shoots. The following table gives the average of five sets of de- 
terminations made on different sections of Winesap apple and 
Elberta peach shoots in May, 1935. The results are given in 
parts per million of the green tissue. Each figure is the average 
of duplicate samples. 


Soluble nitrogen and phosphate phosphorus in different 
parts of apple and peach shoots. 


WINESAP ELBERTA 


Part Used N iE N 1B 
PATIGE ee NT Cee eine ee aes 116 73 136 106 
Medtan= thirds css ae es 92 74 106 103 
Ey Sel eee UAT Ce tas eae ee a 54 74 89 98 


Tests of leaves showed no correlation between the soluble 
nitrogen content and the conditions under which the trees were 
erowing. It appears that the rapid growth and utilization of 
the nutrients makes it inadvisable to use leaves for analysis. 


Extraction. A one or two gram sample from the apical 
third of the terminal shoot was used. The weighed sample was 
cut into thin disks with sharp pruning shears and placed in a 
mortar. Approximately 144 gram of phosphorus-free charcoal 
(4) was added and 3 or 4 grams of sharp sand that had been 
washed and ignited. An accurately measured quantity, 10ce. 
or 20ecc.* of 2 percent acetic acid was added and the sample was 
finely ground. The extract was filtered into a 25cce. test tube. 
It was tested for both soluble nitrogen and phosphate phosphorus 
as described below. 


Soluble Nitrogen. To .5ec. of the extract in a 25ce. test 
tube a little sodium chlorate about the size of a grain of wheat 
was added and lee. of fuming sulfurie acid (15% SO,) was run 
in rapidly so that the solution boiled vigorously and complete 
oxidation of organic material was accomplished. The chlorine 
evolved by the reaction must be cleared from the tube by shak- 
ing and blowing across the top. As soon as the solution was 
perfectly clear .5cc. of phenoldisulfonic acid was added and 

* Mature wood tissue absorbs and holds the extraction liquid so that 


10 ce. of acetic acid on a two-gram sample gives hardly enough extract 
for the determination of both nitrogen and phosphorus, 
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mixed well. This was allowed to stand for about a minute and 
approximately 5ce. of water was added and the solution again 
mixed well. Neutralization of the acid solution and the develop- 
ment of the yellow nitrogen color was accomplished by adding 
40% sodium hydroxide solution from a pipette, until the maxi- 
mum yellow color developed. The solution was made to 20ce. 
with water and compared with a standard in a colorimeter. The 
standard used contained .0025mg. of nitrogen as NO, in lee. 


Phosphate Phosphorus. To 3, 4 or 5ce. of the extract, de- 
pending on the amount available, a few cc.’s of water, 2ce. of 
2.5% solution of ammonium molybdate in 5 normal sulfuric 
acid and one ee. of 1-2-4 aminonaphthol sulfonic acid reagent 
were added. The volume was made to 20cc. with water and after 
standing a short time to allow the full blue color to develop, the 
amount of phosphorus was determined colorimetrically with a 
standard containing .002mg. of phosphorus as PO, in each ce. 
of the solution. 

RESULTS 

Graphs 1, 2, 3 and 4 show the course of soluble nitro- 
gen and phosphate phosphorus in Winesap trees growing in 
the plots which received different cover-crop treatments. Deter- 
minations were made from March 22, 1935, to Noveember 6, 
inclusive. Graphs 5, 6, 7 and 8 are for the same trees and cul- 
tural treatments but cover the period from November 6, 1935, 
to April 21, 1936. The determinations made on peach trees 
during the growing season are shown on graphs 9, 10, 11, 12 and 
13, and determinations made on the same trees during the dor- 
mant period of 1935-36 are given in graphs 14, 15, 16, 17 and 18. 
The findings for all graphs are the average of two independent 
determinations which were made at one time. The samples, for 
the most part, were taken from the same trees each time. The 
graphs showing the growing season determinations for soluble 
nitrogen and phosphate phosphorus, on both apples and peaches, 
also show the rainfall in inches of precipitation per week. Any 
one column of rainfall represents the amount that fell during 
the week preceding the date on which nitrogen and phosphorus 
determinations were made. 


ae 
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DISCUSSION 

Apple—Growing Season. In all trees, regardless of the 
kind of cover crop, the soluble nitrogen in the tissues was at.a 
comparatively high level in the spring before growth started. 
Soon after the buds opened and growth began, the soluble nitro- 
gen and, likewise, the phosphate phosphorus, were rapidly low- 
ered, presumably thru their utilization in growth processes. 
The comparatively high percentage of soluble nitrogen in early 
spring could have come from either of two sources; from a 
change of insoluble nitrogen that had been held as a storage 
form within the dormant tissues of the tree, or brought from 
the soil to the growing tips just before growth started. The 
latter suggestion seems questionable because the soil was still 
frozen during part of the time the largest amount of soluble 
nitrogen was found in the twigs. Nitrogen in the nitrate form 
is not present in the surface soil in any appreciable amount dur- 
ing the winter, and its accumulation does not begin before the 
soil has been warmed to the extent that microorganisms are able 
to work. 

The soluble nitrogen continued at a moderately high level 
thru the period of vegetative activity and dropped to a lower 
point as the season progressed. This was true of practically all 
the trees except those growing in bluegrass sod. The nitrogen 
level in these remained low during most of the season. Through- 
out the year, the percentage of soluble nitrogen in the tissues 
was considerably higher than that of phosphate phosphorus, 
except in the trees growing in the bluegrass sod. In these the 
soluble nitrogen was always lower than in those on the other 
plots and, in many instances, the phosphorus content was greater 
than that of soluble nitrogen. The largest percentages of soluble 
nitrogen were found in trees in the barley and millet plot and 
also in the sweet clover-soybean plot. The trees which con- 
tained the larger percentages of soluble nitrogen made the 
greatest increases in circumference growth and the folage on 
them was of a darker green color. 

The average percentage of soluble nitrogen in the trees 
where millet and barley were used as a cover crop, was just as 
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high as in those where the legume crops, sweet clover and soy- 
beans, were grown. In both cases the cover crops were turned 
under while they were still in a succulent condition. Whether 
the total nitrogen in the soil where the barley and millet were 
used remained at as high a level as in the plot where the legumes 
were grown was not determined. It appears that the large 
amount of green material that was incorporated with the soil 
when the millet and barley were turned under may have stimu- 
lated the activity of nonsymbiotic nitrogen-fixing organisms to 
the extent that the available nitrogen in this plot remained at a 
high level. 

The trees in the lespedeza plot were not so high in soluble 
nitrogen as were those in either the millet or sweet-clover plots, 
yet they grew satisfactorily and the foliage was fairly dark in 
color. The trees in bluegrass grew slowly and the leaves lacked 
the dark green that was characteristic of the others. During 
the past four seasons, the trees in bluegrass sod yielded some- 
what more than those in the other plots. From a comparison 
of the growth made by trees in the different plots, it appears 
that all others will soon surpass those in bluegrass sod, in yield- 
ing ability, because of the greater amount of ‘potential bearing 
surface which they possess. : 

Beeause of the differences found in the percentages of - 
soluble nitrogen during active vegetative growth and later on 
in the season, after growth had been completed, it appears that 
the uptake and transfer of nitrogen by these trees were regulated 
pretty largely by their need for nitrogen. After length growth 
for the season had ceased and terminal buds had been formed, 
the amount of soluble nitrogen translocated to the twigs became 
increasingly smaller. 

The soil from the plots was analyzed for nitrate nitrogen at 
intervals thruout the summer. The largest amount was found 
during the period when tree growth was most active. The shoots 
at this time contained more soluble nitrogen than at any other 
time during the growing season. In general, as the soluble 
nitrogen in shoots increased, the phosphate phosphorus de- 
creased, presumably because of its utilization in growth. 
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With the apple trees, the rainfall in any particular week 
preceding the chemical determinations seems to have had little 
effect on the content of soluble nitrogen and phosphate phos- 
phorus. This was not true of the peach trees, as will be shown 
later, possibly because the greater distribution and penetration 
by the apple roots made these trees less subject to injury during 
dry weather. 


The following tables give the averages of soluble nitrogen 
and phosphate phosphorus of Winesap shoots from Mareh 22, 
1935, thru December 26, 1935, for each of the cover-crop treat- 
ments, and the t values for testing significant differences in 
soluble nitrogen and in phosphate phosphorus for the possible 
pairs of plots. 


Soluble nitrogen and phosphate phosphorus in apple shoots. 


Average, March to December, 1935. 


Cover crop Nitrogen Phosphorus— 
ppm ppm 
HOM CU CZ Ati em ee ass. we eu See eee 227 SWAT 
VUEULS ter AITO S AT | CV sce seene ee ee need ee 267 128 
Momittcehy DIMeErass«SOd 2 25-242..8.. oe 149 152 
Sweet clover and soybeans...........-2.----..2--2------ 264 125 


Values of t for testing significant differences. 


Soluble Phosphate 
Cover crops compared nitrogen Phosphorus 
t t 

Ie SV AS Se ViG OSD CUCL ax etre eae tec scc zs ees caee 3.09 1.79 
Bluegrass vs. millet and barley ........................ 4.20 1.62 
Bluegrass vs. sweet clover and soybeans........ 4.01 7.95% 
Lespedeza vs. millet and barley ...............--.-... i233 .08 
Lespedeza vs. sweet clover and soybeans........ 1.20 siket 
Millet and barley vs. sweet clover and soybeans 09 20 


The t values thruout this paper were calculated by using the 


* Fairly significant: The probability that the difference is due to causes 
other than random sampling and therefore is a true difference, is 90 or 
more in 100. The figures underscored are highly significant; that is the 
probability that the difference is a true one, is 99 or more in 100. 


172 Kentucky Bulletin No. 3867 


following formula which corresponds to R. A. Fisher’s formula 
for small samples. 


cee a es SE IVE 
‘ X= MEX OO Xe Nie ee 
Net Neo N Na, 


The differences in soluble nitrogen between the trees grow- 
ing in bluegrass sod and those of the other cover-crop plots are 
in keeping with the findings of other investigators who have 
shown that one of the most harmful effects that sod has upon 
trees is that of reducing the available nitrogen supply. Altho 
only one of the comparisons for phosphorus indicates a significant 
difference, the trees in bluegrass were practically always higher 
in this element than were the trees in the other plots. Deficiency 
of soluble nitrogen and the smaller amount of growth made by 
the trees in bluegrass sod may account for the accumulation of 
phosphorus in the shoots. 

Apple—Dormant Season. Comparatively small differences 
are shown in the percentages of soluble nitrogen and phosphate 
phosphorus in apple twigs during the dormant season, regardless 
of their condition during the preceding growing period. Trees 
under conditions that were apparently most favorable for growth 
contained approximately the same amount of soluble nitrogen 
during the dormant season as trees which had grown poorly 
because they were insutficiently supplied with available nitrogen. 
There were no significant differences in either nitrogen or phos- 
phorus between trees which received different treatments. The 
level of soluble nitrogen in twigs was very low from December 
1, 1935, to March 24, 1936, on all plots, and the fluctuations 
from week to week were comparatively small. The phosphate 
phosphorus content of apple shoots or twigs varied less than the 
nitrogen content during either the growing or dormant season. 
During early spring the percentages of soluble nitrogen and 
phosphate phosphorus gradually increased until a relatively high 
point of about 500 p.p.m. of nitrogen and 300 p.p.m. of phos- 
phorus was reached at about the time spring growth began. 
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Peach—Growing Season. There were striking differences 
between the percentages of soluble nitrogen in apple and peach 
shoots in late summer. In early spring, just before growth 
started, the two were about equal and for a period of two or 
three weeks during which early rapid vegetative growth was 
taking place, the soluble nitrogen in peach shoots was rapidly re- 
duced. From the first of June until the end of the growing 
season the percentage of soluble nitrogen in peach shoots was 
several times greater than that found in apple shoots. The 
high point of soluble nitrogen in peach shoots was reached 
comparatively late in the season, while in apple shoots at this 
same time it was at a rather low level. Peach trees continue 
to grow much later in the summer than apple trees and soluble 
nitrogen is present in the shoots during this whole period of 
vegetative activity. The fact that comparatively more shoot 
growth is made by peach than by apple trees may give added 
proof of the need for a greater quantity of available nitrogen. 
In further contrast with apple, the low period for soluble nitro- 
gen in peach occurred thru April and May. In apple during 
this same period the percentage of nitrogen continued at about 
its highest level for the growing period. 

The use of either sodium nitrate or ammonium sulfate, as 
the source of nitrogen, resulted in a large percentage of soluble 
nitrogen being found in the shoots in late summer. Sodium 
nitrate applied at the rate of four pounds per tree, June 1, gave 
a high point in soluble nitrogen in shoots at an earlier date than 
ammonium sulfate applied at the same rate per tree on March 
25. Calcium cyanamid becomes slowly available to the trees 
and this is shown by the high point of soluble nitrogen in shoots 
that was reached late in the season. 

As with apple, but to a greater extent, nitrogen in peach 
shoots was more variable than phosphorus. In contrast with 
apple, the rainfall had a very noticeable effect on the percentage 
of soluble nitrogen in peach shoots. Periods of low precipitation 
resulted in nitrogen accumulation, probably because growth 
was retarded and nitrogen not used. The exception to this point 
was noted from June 20 to 26, during which time soluble nitro- 
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gen in shoots continued to increase even tho rainfall for that 
period was large. The explanation for this exception may be 
that rainfall for the four weeks preceding June 20 was only 
moderate and that the precipitation for the week in question 
came almost wholly at one time, which resulted in a large amount 
of run-off. Check trees which received no nitrogen fertilizer 
averaged lower in soluble nitrogen and higher in phosphate 
phosphorus than trees which were fertilized. Also, the fluctua- 
tions in nitrogen in these trees were much more apparent than 
in the others. 

Phosphate phosphorus averaged considerably lower than 
soluble nitrogen in peach shoots but about the same as in apple. 
It varied but little from week to week in norma trees and there 
appeared to be no period during the growing season when any 
definite high point was reached. The fluctuations which oc- 
eurred apparently were due to variations in soluble nitrogen 
and resulting growth processes which, in turn, were noticeably 
affected by rainfall. 

Peach—Dormant Season. The average percentage of 
soluble nitrogen in peach shoots during the dormant season was 
considerably greater than that in apple shoots. , The fluctuations 
during the winter months were not so great, however, as during 
the summer. The phosphate phosphorus was maintained at 
nearly the same level in winter as in summer and varied but 
little from week to week. 

The highly significant differences between the percentages 
of soluble nitrogen in peach and apple twigs during the dormant 
period give an indication that winter hardiness may be definitely 
associated with the content of soluble nitrogen in twigs at the 
time the cold occurs. In comparing the peach and apple as to 
their ability to withstand severe cold, it is, of course, well known 
that the apple possesses greater hardiness. The  sug- 
gestion is offered that analysis of twigs for soluble nitrogen, 
made during the dormant season, may serve as a valuable index 
of the comparative hardiness of different fruits or even of dif- 
ferent varieties. 

The outstanding differences between the percentages of 
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soluble nitrogen in apple and peach twigs during the winter 
months prompted the testing of these data for significant dif- 
ference between soluble nitrogen in apple shoots during the sum- 
mer and winter and soluble nitrogen in peach shoots during these 
same periods. The differences for phosphorus during these 
periods for both apple and peach also were tested for their sig- 
nificance. 


Values cf t for testing significant differences in soluble nitrogen 
and phosphate phosphorus determinations between summer and win- 
ter, in Winesap apple and Elberta peach trees. 


Values 

Treatment Nitrogen Phosphorus 

Winesap Apple t t 
HSOnea les SPCC CZ ad, pss en oe ees ee ee een re 5.24 4.19 
NG Steal DAES Vaen aie eg So es oe See 5.93 3.99 
BInGenrass 4 SOd sa. hae eee Sess Son ener eee 2.48* 1.48 
Sweet clover and soybeans. ..... GSS eee ee ee 5.09 3.94 

Elberta peach 
ATIUMYOTEEUTN aS U Lhe t erat 22 aes Se Seccasnsc “3. aO SP 3 67 5.24 
Marat divided. 8 s8 ee og 8 ey 73 2.51% 
GHECKRTOmNILCOEN he wt eee ee, See 81 Wala 
Nihil Ceara] 1G cau Coens tts Lace ei ee 6 cael dad duo 1.40 2.46* 
Cyanamid, March 9 ........ ete eek ea Oo 2 kere ee 44 2.78 


—— 7 


With Winesap apple trees the difference in percentage of 
soluble nitrogen in shoots during summer and winter was highly 
significant. The lower t value for the trees in sod was not due 
to a lower percentage of nitrogen in twigs during the dormant 
season but to a low content during the summer months. The 
same holds true for phosphorus except that the trees in sod had 
even a larger percentage of phosphorus in dormant twigs than 
did trees in other plots. 


With Elberta peach the mean of soluble nitrogen for the 


* Significant: The probability that the difference is due to causes other 
than random sampling and therefore is a true difference, is 95 or more in 
10). Values of t below 2.609, for the number of items used in these compu- 
tations, are not considered significant. The figures underscored are highly 
significant; that is the probability that the difference is a true one, is 99 
or more in 100. 
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dormant period was somewhat greater in three out of the five 
treatments than during the growing season. These results are 
particularly striking in comparison with apple where the per- 
centage of soluble nitrogen in winter was much lower than in 
summer, 
SUMMARY 

Soluble nitrogen and phosphate phosphorus determinations 
of apple and peach shoots and twigs were made at weekly inter- 
vals over a peroid of fifty-four weeks for apple and fifty weeks 
for peach. 

The percentages of soluble nitrogen and phosphate phos- 
phorus in apple shoots were significantly different between sum- 
mer and winter even where trees were growing in bluegrass sod. 


Soluble nitrogen in apple shoots averaged considerably more 
thruout the growing season than phosphate phosphorus in the 
same samples, except with trees growing in bluegrass sod, and 
the nitrogen was more variable than the phosphorus at any time. 


Soluble nitrogen in apple twigs was maintained at a very 
low level during the dormant period. The soluble nitrogen in 
peach shoots averaged less than that of apple shoots thru the 
early part of the growing period but was many times greater 
during late summer and fall. ! 


The percentages of phosphate phosphorus in the shoot 
growth of apple was maintained at nearly the same level thru- 
out the year and a similar relationship occurred in peach. 

The percentage of soluble nitrogen in dormant peach twigs 
was much greater than in dormant apple twigs. 

In general, as soluble nitrogen in shoot growth increased, 
phosphate phosphorus decreased and the reverse of this state- 
ment was true also under average conditions. 

Periods of low precipitation resulted in accumulation of 
soluble nitrogen in peach shoots while ample rainfall reduced 
the percentage of this nutrient, presumably by its utilization in 
growth. 

The percentage of soluble nitrogen in apple shoots was not 


a) ¢ i 
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influenced so much by the distribution of rainfall as was the 
percentage in peach shoots, 


With Elberta peach, the trees which received ammonium 
sulfate and sodium nitrate in early spring and also those which 
received no nitrogen fertilizer averaged somewhat higher in 
soluble nitrogen during the winter months than during the com- 
plete growing period. 

There was no significant difference in soluble nitrogen in 
peach trees during summer and winter, regardless of fertilizer 
treatment. 


Apple trees growing in bluegrass sod are limited in growth 
by a lack of available nitrogen and this was shown definitely by 
the low percentage of soluble nitrogen in the shoots. 


The shoots of Winesap apple trees on a plot where the 
non-leguminous crops, millet and barley, were used as a cover, 
averaged fully as high in the percentage of soluble nitrogen as 
shoots of trees where sweet clover and soybeans were grown. 

Increase of the tree trunks, in circumference, general vege- 
tative vigor, and leaf color of apple trees were as good where 
millet and barley were grown as where sweet clover and soybeans 
were used. 
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